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CObjective: In an effort to sustainably strengthen orthopaedic trauma
care in Haiti, a 2-year Orthopaedic Trauma Care Specialist (OTCS)
program for Haitian physicians has been developed. The program
will provide focused training in orthopaedic trauma surgery and
fracture care utilizing a train-the-trainer approach. The purpose of
this analysis was to calculate the cost-effectiveness of the program
relative to its potential to decrease disability in the Haitian
population. Methods: Using established methodology originally out-
lined in the World Health Organization’s Global Burden of Disease proj-
ect, a cost-effectiveness analysis was performed for the OTCS program
in Haiti. Costs and disability-adjusted life-years (DALYs) averted were
estimated per fellow trained in the OTCS program by using a 20-year
career time horizon. Probabilistic sensitivity analysis was used to si-
multaneously test the joint uncertainty of the cost and averted DALY
estimates. A willingness-to-pay threshold of $1200 per DALY averted,
equal to the gross domestic product per capita in Haiti, was selected on
the basis of World Health Organization’s definition of highly cost-ef- O
land
al So
http://dx.doi.org/10.1016/j.jval.2012.06.004ective health interventions. Results: The OTCS program results in an
ncremental cost of $1,542,544  $109,134 and 12,213  2,983 DALYs
verted per fellow trained. The cost-effectiveness ratio of $133.97 
34.71 per DALY averted is well below the threshold of $1200 per DALY
verted. Furthermore, sensitivity analysis suggests that implementing
he OTCS program is the economically preferred strategy with more
han 95% probability at a willingness-to-pay threshold of $200 per
ALY averted and across the entire range of potential variable inputs.
onclusions: The current economic analysis suggests the OTCS pro-
ram to be a highly cost-effective intervention. Probabilistic sensi-
ivity analysis demonstrates that the conclusions remain stable
ven when considering the joint uncertainty of the cost and DALY
stimates.
eywords: cost-effectiveness, Haiti, injury, surgery, trauma.
opyright © 2012, International Society for Pharmacoeconomics and
utcomes Research (ISPOR). Published by Elsevier Inc.Introduction
Every year, 20 to 50 million injury survivors are left permanently
disabled, most often because of musculoskeletal injury [1,2]. The
burden of disease preventable or treatable by surgery has been
estimated to account for 11% of the total global burden of disease
and injury [3,4]. Developing the supply and quality of surgical
health workers has been identified by The Bellagio Essential Sur-
gery Group as a vital solution to this growing problem [5]. As sur-
gery becomes increasingly recognized as a public health priority, it
is crucial to provide policymakers, nongovernment organizations,
and aid foundations with information to effectively improve sur-
gical care in lower- and middle-income countries (LMICs) [5–7].
This analysis models and calculates the cost-effectiveness of an
innovative orthopaedic surgery training program to be imple-
mented in Port-au-Prince, Haiti.
Background
During the January 12, 2010, earthquake in Haiti, the already fragile
Haitian health care system was inundated with extremity fractures
resulting from the earthquake. The lack of sufficient orthopaedic
* Address correspondence to: Andrew N. Pollak, University of Mary
Greene Street, Baltimore, MD 21201.
E-mail: apollak@umoa.umm.edu.
1098-3015/$36.00 – see front matter Copyright © 2012, Internation
Published by Elsevier Inc.trauma care available to earthquake victims, as well as the general
population, was made fully apparent [8–10]. In response to this pub-
lic health need, the University of Maryland School of Medicine Divi-
sion of Orthopaedic Traumatology in collaboration with Université
de Notre Dame D’Haïti and the Haitian Ministry of Health developed
the Orthopaedic Trauma Care Specialist (OTCS) program. The OTCS
program will train Haitian medical school graduates who have com-
pleted 1 year of surgical training. After the OTCS residency, an abbre-
viated 2-yearprogram,thesespecialistswillpossesstheknowledgeand
ability to safely perform surgical interventions necessary to treat ortho-
paedic trauma conditions commonly seen in Haitian emergency de-
partments and clinics, such as intramedullary nailing of long bone frac-
tures and surgical management of musculoskeletal infection. This
program utilizes a mentoring approach by visiting international ortho-
paedic surgeons, who will train Haitian faculty to independently imple-
ment the program with minimal international input within 5 years.
Materials and Methods
Effectiveness assessment
The impact of the OTCS program was estimated by the effec-
tiveness of the OTCS providers (OTCS Care) relative to the effec-
School of Medicine, R. Adams Cowley Shock Trauma Center, 22 S.
ciety for Pharmacoeconomics and Outcomes Research (ISPOR).
888 V A L U E I N H E A L T H 1 5 ( 2 0 1 2 ) 8 8 7 – 8 9 3tiveness of conservative nonsurgical treatment that is presently
available in Haiti, such as traction and casting (General Care).
The impact of each of these interventions has been measured in
terms of disability-adjusted life-years (DALYs) averted. DALYs
are the standard measure of health utility selected by the World
Health Organization and the World Bank. They are a measure of
the sum of years of life lost and years lost to disability due to a
disease or injury.
According to the criteria in Table 1 (modified from McCord
and Chowdhury [11]), severe traumatic fractures have a disabil-
ity weight of 0.2. This value can also be compared with the
disability weight of long-term femur fractures described in the
DALY literature as 0.272 [12]. Latin America and Caribbean re-
gional health statistics demonstrate a high prevalence of long-
Table 1 – Disability weight scoring criteria.
Score Criteria: Disability weight
0.9 Needs assistance with activities of daily living such as
eating, personal hygiene, or toilet use
0.8 Needs assistance with instrumental activities of daily
living such as meal preparation, shopping, or
housework
0.6 Limited ability to perform most activities in all the
following areas: recreation, education, procreation,
or occupation
0.4 Limited ability to perform activities in two or more of
the following areas: recreation, education,
procreation, or occupation
0.2 Limited ability to perform most activities in one of the
following areas: recreation, education, procreation,
or occupation
0.1 Limited ability to perform at least one activity in one
of the following areas: recreation, education,
procreation, or occupation
Table 2 – CEA model variables.
Variables Definition
Annual budget Annual budget to operate OTCS
training program
Median an
program
Career span Average number of years OTCS-
trained provider will practice
after training
Conservati
graduati
of 50
Disability weight Average fracture disability weight McCord an
Criteria
Salary difference Estimated salary difference between
OTCS-trained provider and
unspecialized Haitian physician
Estimated
Haitian m
Patient life
expectancy
Years of life potentially lived
disabled (YLL)
The averag
in Haiti o
YLL calc
3% disco
per DAL
Operations per
month
Average number of surgeries
performed by an orthopaedic
surgery provider per month
AAOS 2008
Value of general
care
Measure of ability of nonsurgical
intervention to reverse fracture
disability
McCord an
Criteria
medical
between
Value of surgical
care
Measure of ability of OTCS surgery
to reverse fracture disability,
also accounting for risk of
negative sequelae
McCord an
Criteria
medical
betweenCEA, cost-effectiveness analysis; DALY, disability-adjusted life-years; OTCterm femur fractures in the 15- to 44-year-old age group [13].
Because pediatric fractures are more commonly treated
through conservative nonsurgical measures, fractures in pa-
tients younger than age 18 years have been excluded from this
analysis. The average age of the population older than 18 years,
calculated from the Haitian age distribution, is 37 years [14].
Based on this, the average length of time lived disabled for a
nonpediatric patient with an untreated fracture, with 3% dis-
counting and age weighting, is approximately 26 years (see Ta-
ble 2). Therefore, the DALY value of the average nonpediatric
fracture in Haiti equals 5.2 DALYs (see Table 3).
The DALYs averted by surgical intervention have been cal-
culated by the method designed by McCord and Chowdhury [11]
and subsequently revised by Bickler et al. [15] and Gosselin et al.
[16]. The value of surgical care quantifies the ability of a treat-
ment to alleviate the DALYs due to a disease or injury. This
includes the success rate of the operation, its ability to mitigate
the disability, as well as the procedure’s underlying risk for
potential negative surgical sequelae or necessary reoperation
(Table 4) [15]. Unlike Gosselin et al. [16] though, we compare the
value of surgical care with the value of general care in its ability
to prevent lifelong disability, as opposed to no treatment, and
therefore do not multiply the value of surgical care by the prob-
ability of long-term disability. Instead, we subtract the value of
general care from the value of surgical care, as explained below,
to yield the relative value of OTCS Care.
In the determination of the values associated with OTCS Care
and General Care, the authors considered the fact that OTCS
providers will primarily treat injuries that are associated with
near-complete disability relative to the capacity to perform
manual labor when treated nonoperatively, such as femoral
shaft fractures, displaced ankle fractures, and both bones fore-
arm fractures. Conversely, these result in little to no long-term
disability when treated surgically by using modern techniques
Source Mean SD Tested
range
budget of the 5-year
et summary (see Table 5)
2,528,962 250,000
esumption of OTCS
e of 30 and retirement age
20 Function
variable
15–25
wdhury DALY Scoring 0.2 0.025 0.1–0.3
e basis of author and
al professional input
35,000 3,500 25,000–45,000
of nonpediatric population
than 18 y is 37 y; Average
d by life expectancy with
g and age weighting as
rature [20]
26 3 20–32
stics Report [21] 32 3 26–38
wdhury DALY Scoring
nternational and Haitian
ssional input set the value
nd 50%
0.3 0.025 0.1–0.5
wdhury DALY Scoring
nternational and Haitian
ssional input set the value
and 95%
0.7 0.05 0.5–0.9nual
budg
ve pr
on ag
d Cho
[11]
on th
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ulate
untin
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Stati
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889V A L U E I N H E A L T H 1 5 ( 2 0 1 2 ) 8 8 7 – 8 9 3of internal fixation [15,17–19]. The authors, with input from in-
ternational and Haitian medical professionals, determined the
value of OTCS Care for traumatic fractures as between 50% and
5% (value  0.7) and the value of General Care, which is nonsur-
gical treatment presently available in Haiti, as between 5% and
50% (value  0.3) (Table 3). The value of OTCS Care less the value
f General Care was then multiplied times the fracture DALY
alue, as calculated above, to determine the DALYs averted per
racture by OTCS Care relative General Care, 2.08 [16]. Finally, this
value was multiplied across the career span of an OTCS provider
with 3% discounting to calculate the total DALY-averting capac-
ity of an OTCS provider relative to General Care (see Tables 3
and 4).
Cost assessment
The shortage of surgical specialists in LMICs has been well estab-
lished [5,6,22,23]. Various nongovernment organizations that
ork in Haiti, such as Operation Smile and Resurge International
formerly Interplast), have observed that surgical resources such
s equipped operating rooms, trained nurse anesthetists, scrub
echnicians, and support staff are limited in supply but are still
omparatively available [20,24]. The OTCS program is planned
to take place in hospitals that possess the human and physical
resources to perform orthopaedic trauma surgery. Trained spe-
cialists are the rate-limiting factor to providing surgery in Haiti
[25]. Therefore, the cost of increasing the supply of orthopaedic
surgical specialists accounts for the additional DALY-averting
capacity. This equals the expense of additional training for
OTCS providers, as fully outlined in the OTCS program budget,
plus the increased specialist salary for these providers (see Bud-
get Summary in Table 5).
The OTCS program simultaneously trains two classes of three
Orthopaedic Trauma Care Specialists. The OTCS program budget
has been thoroughly outlined to include all programmatic costs—
Table 3 – CEA model formulas.
Definition
Cost Initial training cost per OTCS Fellow
plus the additional net relative
salary cost of each OTCS provider
over their career
(Annual_OTCS
Career Span
Effectiveness The DALYs potentially avertable per
OTCS provider over 20-y career,
with annual 3% discounting,
relative to otherwise available
general care
 Year  0 - (Care
Patient_Lif
(Value_of_Su
Value_of_Ge
(Operations_
(1Discount
Cost-effectiven
CEA, cost-effectiveness analysis; DALY, disability-adjusted life-years
Table 4 – Value of surgical care scoring criteria.
Score Criteria: Value of surgical care
(efficacy of treatment)
1 95% relative ability to prevent or reverse specific
disability or death
0.7 95% and 50% relative ability to prevent or
reverse specific disability or death
0.3 50% and 5% relative ability to prevent or
reverse specific disability or death
0 5% relative ability to prevent or reverse specific
disability or deathlocal and international transportation, medical and nonmedical
personnel, construction, supplies and equipment, administrative
expenses, and related contractual costs (see Table 5). The cost of
training the national faculty, who will independently manage the
OTCS after its first 5 years in operation, has also been included in
the 5-year budget summary. They will be trained simultaneously
with the first class of OTCS fellows. The median annual budget
from the program outline, $2,528,962, has been used in this anal-
ysis to represent the annual OTCS program cost. This cost is more
likely an upper limit, as it includes initial infrastructure and train-
ing costs. The estimated additional yearly OTCS provider salary
was summed over the career of an OTCS provider (see Tables 3 and
4). In the cost calculation, the 3% discount rate was cancelled by
the projected 3% annual inflation rate [26].
The specialized orthopaedic surgery equipment and supplies
will be obtained primarily through implant manufacturing com-
panies either as purchases or as a combination of purchases and
in-kind donations. Assumptions about costs for these implants
have been included in the cost structure of the program. Long-
term, our goal is to introduce very low cost implants, as are cur-
rently available in Southeast Asia and LMICs elsewhere. This cost
should therefore not have a significant long-term impact on the
total expense per patient. The total expenses for the remaining
nonimplant surgical equipment and supplies will be shared with
the OTCS program and have been factored into the OTCS budget.
Sensitivity analysis
Sensitivity analysis quantifies the inherent uncertainty of an
economic model and represents the potential outcomes across
the conceivable input ranges. Both one-way and multiway sen-
sitivity analyses were used to evaluate this cost-effectiveness
analysis model. Monte Carlo simulation is a method of multi-
way sensitivity analysis that simultaneously varies each input
over a distribution of values and calculates the outcome over
10,000 simulations. The mean cost-effectiveness and SD were
determined from the resulting distribution. This represents the
overall strength and plausible variance of the outcomes. This is
also used to determine the probability that the program is cost-
effective, falling below the willingness-to-pay threshold. In the
multiway analysis, gamma distributions have been used for
each input variable (see Table 3).
One-way sensitivity analysis measures the model output
across the distribution of a single variable. This tool was utilized to
determine the program’s cost-effectiveness across the plausible
ranges of each input, particularly those based primarily on clinical
judgment and experience within the parameters of the estab-
lished criteria—disability weight, value of surgical care, and value
of general care. Sensitivity analyses were performed by using
Formula Mean outcome SD
et/3)  (Salary_Difference  $1,542,544 $109,134
1) ((Disability_Weight
ectancy) 
l_Care 
_Care) 
onth x 12 months/year) 
)-Year)
12,213 DALYs
averted
2,983 DALYs
averted
$133.97 per DALY
averted
$34.71 per DALY
averted
S, Orthopaedic Trauma Care Specialist._Budg
)
er Span
e_Exp
rgica
neral
Per_M
_Rate
ess:TreeAge Pro 2011 (TreeAge Software, Williamstown, MA).
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According to this model, the OTCS program would avert 12,213 
2,983 DALYs per OTCS provider trained. The lifetime cost of each
OTCS provider equals $1,542,544  $109,134. The incremental
cost-effectiveness of the OTCS program relative to presently avail-
ableGeneral Care is $133.97 $34.71 per DALY averted (see Table 4).
Multiway sensitivity analysis suggests that implementing the
OTCS program is the economically preferred strategy with 100%
probability at a willingness-to-pay threshold of $1200 per DALY
averted, and with more than 95% probability at a willingness-to-
pay threshold of $200 per DALY averted (Figs. 1 and 2).
One-way sensitivity analyses have been included in Figure 3 to
demonstrate the potential cost-effectiveness outcome range. The
conclusions remain stable across the plausible values for each
variable, indicating a cost-effectiveness range of $80 to 260 per
DALY averted.
Discussion
Numerous published reports have shown that abbreviated sur-
gical training programs are successful and cost-effective inter-
ventions to expand the supply of surgical services in LMICs [27–
29]. World Health Organization-CHOosing Interventions that are
Cost-Effective (WHO-CHOICE) has established the threshold for
cost-effective programs as less than three times the gross do-
mestic product per capita per DALY averted and the threshold
Fig. 1 – Cost-effectiveness probability by willingness-to-
Table 5 – OTCS Budget: Summary of cost (US $).
Year 1 Yea
A. Personnel 387,407.40 426,
B. Fringe benefits 83,420.73 91,
C. Travel 248,341.00 142,
D. Equipment 216,000.00 217,
E. Supplies 326,540.00 416,
F. Contractual 763,200.00 834,
G. Construction – –
H. Other 134,283.00 161,
I. Total direct charges (A to H) 2,159,192.13 2,289,
J. Indirect charges 369,769.95 390,
K. Totals (sum of I and J) 2,528,962.08 2,680,pay (USD).for highly cost-effective programs as less than the gross domes-
tic product per capita per DALY averted. Haiti’s gross domestic
product per capita is $1200, and therefore the WHO-CHOICE
thresholds for cost-effective and highly cost-effective programs
would be $3600 and $1200, respectively [30]. Compared with
these thresholds, the OTCS program can be identified as a
highly cost-effective strategy to alleviate the substantial burden
of traumatic fractures in Haiti. Through this cost-effectiveness
analysis, the OTCS program can also be related to other readily
implemented programs such as anti-retrovirals for HIV, esti-
mated to be $350 to $500 per DALY averted, or the pentavalent
vaccine at $42 to $250 per DALY averted [12].
The assumptions and variables used in this model have been
based on available literature, previously published surgical in-
tervention cost-effectiveness analyses, as well as the experi-
ence of trained orthopaedic surgeons from the United States
and Haiti [11,12,16,31,32]. Conservative estimates have specifi-
cally been used for each variable, and these assumptions have
been further tested and analyzed by multiway sensitivity anal-
ysis, which shows that the model remains stable across the
input distributions. One-way sensitivity analyses further
showed a comprehensive range of potential cost-effectiveness
values between $80 per DALY averted and $260 per DALY
Fig. 2 – Monte Carlo Simulation: cost and effectiveness
outcomes for OTCS program model. DALY, disability-
adjusted life-year; WHO-CHOICE, World Health
Organization-CHOosing Interventions that are Cost-
Year 3 Year 4 Year 5
226,950.83 128,739.86 81,160.81
100,939.08 111,032.99 122,136.29
142,796.08 71,398.04 71,398.04
218,640.00 218,640.00 6,912.00
499,353.60 503,224.32 507,869.18
912,972.00 909,172.60 923,012.58
– – –
193,367.52 232,041.02 278,449.23
2,295,019.11 2,174,248.83 1,990,938.13
378,323.17 331,844.72 322,602.29
2,673,342.28 2,506,093.55 2,313,540.42r 2
148.14
762.80
796.08
200.00
128.00
520.00
139.60
694.62
986.60Effective.
891V A L U E I N H E A L T H 1 5 ( 2 0 1 2 ) 8 8 7 – 8 9 3Fig. 3 – One-way sensitivity analyses. The cost-effectiveness ranged from $80 to $260/DALY averted across the ranges of all
variables.
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892 V A L U E I N H E A L T H 1 5 ( 2 0 1 2 ) 8 8 7 – 8 9 3averted. This entire range of potential cost-effectiveness values
falls far below the WHO-CHOICE threshold of $1200 per DALY for
ighly cost-effective programs.
In regard to OTCS provider career span in particular, OTCS pro-
iders will unlikely practice outside of Haiti because this specialty is
ot yet recognized by other ministries of health. Furthermore, OTCS
rainees will also sign a contract to practice in Haiti for at least 5 years
ollowing the program. Still, given the possibility that OTCS providers
ill not practice for their entire career in Haiti, a highly conservative
stimate of 20 years, age 30 to 50 years, was selected as the average
TCS career span for the model and a wide range, 15 to 25 years, was
urther assessed in one-way sensitivity analysis.
Despite the overwhelming economic attractiveness of imple-
enting the OTCS program, the analysis must be interpreted in
he context of several model assumptions. The traumatic fracture
aseload is considered exceedingly large. A total of 15,397 femur
ractures are estimated to be caused by falls alone each year in
aiti [13]. Because of this, it is assumed that OTCS treatment will
ot reach a decelerating point in the near future because of dimin-
shing caseload or decreasing marginal returns. Furthermore, the
vailability of orthopaedic surgery is currently considerably lim-
ted in Haiti. There are currently between 30 and 40 orthopaedic
urgeons registered with the Société Haitienne de Traumatologie
t d’Orthopedie, but as reported by Haitian colleagues, many of
hese surgeons practice predominantly outside of Haiti. Because
he estimated orthopaedic caseload is exceedingly large, OTCS
are provision will not likely detract from the limited orthopaedic
urgical care presently available in Haiti. Next, because a substan-
ial portion of the fracture caseload is centered in the urban Port-
u-Prince area, where the OTCS providers will be based, it can be
ssumed that after implementing the program, cases can be easily
ransferred to OTCS Care in place of General Care. Third, because
his review specifically analyzes the contribution of the rate-lim-
ting factor, surgeons, it was assumed that the cost of this contri-
ution accounts for the total increased DALY-averting capacity. In
ddition, the trauma training provided by the OTCS program, par-
icularly related to resuscitation and hemorrhagic shock manage-
ent, will likely decrease mortality in Haitian trauma patients.
ny potential effect in this respect has been overlooked in this
nalysis to deliver a more conservative estimate of the OTCS pro-
ram’s effectiveness.
Finally, there is a substantial unquantifiable value to establish-
ng the OTCS program. Poor access to surgical care is an issue of
uman rights [4,6]. Orthopaedic surgery is the gold standard in
reating various fracture injuries, and the OTCS program enables
aitians to develop the capacity to provide the gold standard in
are to its citizens [32]. In the postearthquake recovery, orthopae-
ic care has become an even more crucial issue in Haiti. With more
han 300,000 injuries caused by the 2010 earthquake alone, ongo-
ng orthopaedic intervention will be essential to Haiti’s recovery
33]. The OTCS program will provide a substantial and sustainable
ontribution to the overall state of orthopaedic care in Haiti.
Conclusion
The OTCS program confronts a chief issue underlying the global
burden of surgical disease—the inadequate surgical workforce cri-
sis [23,34]. This analysis suggests that implementing the OTCS
program in Haiti is a highly cost-effective intervention at $133.97
per DALY averted. Probabilistic sensitivity analysis further dem-
onstrates that the conclusions remain stable across the joint un-
certainty of the cost and DALY estimates. We hope that this anal-
ysis contributes to the resources and information available in
respect to surgical programming and policy decisions, supporting
similar interventions mitigating the growing global burden of sur-
gical disease.Source of financial support: The authors have no other finan-
cial relationships to disclose.
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